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1 | INTRODUCTION

At the end of 2019, a few cases of pneumonia of suspected
viral origin were reported from the Chinese city of Wuhan.! A
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Abstract

Background: No data are available about whether Coronavirus disease 2019
(COVID-19) pandemic have led to changes in clinical profiles or results of exercise
testing once the usual activity was reassumed, as well as if wearing a facemask has
any impact on the tests. The aim of this study is to evaluate differences in the patients
referred to exercise stress testing in the context of COVID-19 pandemic and analyse
the feasibility and results of these tests wearing a facemask.

Methods: We included all patients referred for an exercise test from 1 June to 30
September 2020 and compared them with the patients attended within the same pe-
riod in 2019 before and after propensity score matching. All patients referred in 2020
wore a facemask.

Results: A total of 854 patients were included: 398 in the 2020 group and 456 in
2019. No significant differences in baseline characteristics of the patients were ob-
served, with the exception of dyspnoea, which was nearly twice as high in 2020
as compared with 2019. Regarding the results of the tests, no differences were ob-
served, with almost 80% of maximal tests, similar functional capacity and over a
20% of positive exercise tests in both groups. These results remained after propensity
score matching.

Conclusion: COVID-19 pandemic has not changed the clinical profile of patients
referred to exercise testing. In addition, performing exercise testing wearing a face-

mask is feasible, with no influence in functional capacity and clinical results.
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novel RNA virus from the family Coronaviridae” called severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
was identified as the cause of a new disease, COVID-19.%
The clinical presentation is quite variable, from no symptoms
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to severe presentation as acute respiratory distress syndrome
and shock.* The fact that the disease may be asymptomatic or
mildly symptomatic in a large proportion of patients, in addi-
tion to the robust capacity for human-to-human transmission
and long incubation period facilitated the virus spread rap-
idly all over the world.> COVID-19 led to significant global
morbidity and mortality and, as a consequence, on March
11, 2020 it was declared as a pandemic by the World Health
Organization (WHO).° In the absence of pharmacological
treatment or vaccine, the governments adopted measures as
social distancing and lock-down, as well as promoted hand-
washing and wearing facemasks.” In addition, once the rate of
COVID-19 admissions declined, the healthcare systems had
to face the enormous challenge of reorganized themselves
and return to the normal activity in this novel scenario.>’ It
has been recommended that all patients and health care work-
ers wear a facemask,'” especially in medical procedures that
would be potentially aerosol-generating, as it is the case of
exercise stress testing. The problem is there is no evidence
about how this could affect the results of the tests or if the
clinical profile of the patients derived to an exercise test have
changed during this time.""

The aim of this study is to evaluate whether, once the nor-
mal care activity was reassumed, there are significant differ-
ences in the patients referred to exercise stress testing in the
context of COVID-19 pandemic and analyse the feasibility
and results of these tests wearing a facemask.

2 | METHODS

2.1 | Patients

In Spain, it is mandatory to wear a facemask in all public
spaces since 19 May, 2020."2 By that time, the number of
COVID-19 admissions had declined, and we had already
resumed our usual activity. For this reason, in this case-
control retrospective study we included all consecutive
individuals aged 18 years or older who were referred for ex-
ercise echocardiography or exercise electrocardiogram tests
to Complexo Hospitalario Universitario de A Corufia (A
Coruiia, Spain) from 1 June to 30 September 2020 and were
compared with the patients attended within the same period
in 2019. The facemasks (surgical or FFP2) had to cover the
nose and mouth and were worn during the entire tests. All
patients were asymptomatic, afebrile and without clinical
suspicion of COVID-19 disease.

This study was approved by the Comité de Etica de la
Investigaciéon de A Corufa-Ferrol, our local research ethics
committee.

Reporting of the study conforms to broad EQUATOR
guidelines13

2.2 | Clinical data

Demographics, clinical variables and stress testing results
were recorded in dedicated databases prospectively. A history
of coronary artery disease (CAD) was defined as previous
myocardial infarction as well as unstable and stable angina.
Coronary revascularization was defined as previous percuta-
neous or surgical revascularization. Chest pain was classified
as typical angina, probable angina and non-ischaemic chest
pain as previously described. 4 Whenever possible, B-blocker
or other negative chronotropic therapies were discontinued
for at least 48 hours before testing.

2.3 | Exercise stress testing

All patients underwent exercise stress testing on a treadmill.
Blood pressure, heart rate and serial electrocardiograms
were obtained at baseline and at each stage of the exercise
protocol. An exercise electrocardiogram was considered
positive in cases of horizontal or downsloping ST-segment
depression or elevation > 1 mm at 80 ms after the J point,
in patients with interpretable baseline electrocardiograms.
The electrocardiograms were considered uninterpretable in
the presence of left bundle branch block, pre-excitation,
paced rhythm, other repolarization abnormalities or treat-
ment with digoxin.15

Exercise echocardiography was performed by experi-
enced echocardiographers and both, the practitioner and the
nurse, wore a facemask (surgical or FFP2) during the entire
test. Echocardiography images were acquired in three apical
views (long axis, 4- and 2-chambers) and two parasternal
views (long and short axis) at baseline, at peak of exercise,
and in the immediate post-exercise period, as previously
described.'® Regional wall motion abnormalities were eval-
uated with a 16-segment model of the left ventricle. Each
segment was graded on a 4-point scale (1 = normal wall
motion, 2 = hypokinetic, 3 = akinetic and 4 = dyskinetic),
and wall motion score index (WMSI) was calculated as the
sum of scores divided by the number of segments visualized.
The worst WMSI obtained at peak or post-exercise imaging
was recorded. Ischaemia was defined as the development of
new or worsening wall motion abnormalities with exercise.
Extension of myocardial ischaemia was classified based on
the number of segments involved as localized (<2 ischaemic
segments) and extensive (>2 ischaemic segments).

A maximal test was defined as the achievement of at least
85% of the mean age predicted heart rate, otherwise the test
was considered submaximal.

A positive exercise stress test was defined as either
positive exercise electrocardiography or positive exercise
echocardiography.
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Functional capacity was expressed in metabolic equiv-
alents (METs). Predicted peak METs where calculated
using the Veterans Affairs referral model in men (predicted
METs = 18 — 0.15 X age) and with the St. James model in
women (predicted METs = 14.7 — 0.13 x age).'” We cal-
culated the ratio: (METs achieved/predicted METs) x 100.
Patients achieving less than 100% of their age and gender pre-
dicted METs were classified as having exercise intolerance.

2.4 | Statistical analysis

Categorical variables were reported as percentages and dif-
ferences were evaluated with the chi-square test and Fisher's
exact test as appropriate. Continuous variables were ex-
pressed as mean =+ standard deviation and were compared
with the Student # test.

To assess the potential effect of wearing facemasks during
exercise testing on estimated functional capacity, we used
propensity score matching to adjust for differences in base-
line characteristics with a matching ratio of 1:1 using nearest
neighbour matching without replacement. The criterion for
matching pairs used a calliper of width equal to 0.2 of the stan-
dard deviation of the logit of the propensity score. To assess
the degree of the balance between the two matched groups,
a standardized difference was computed for each explanatory
factor, with a value of less than 0.1 indicating a good balance
in the matched cohort. The matching was carried out with the

following variables the basis of their clinical relevance: age,
sex, personal history of diabetes mellitus, arterial hyperten-
sion, smoking, family and personal history of CAD, coronary
revascularization, left bundle branch block, atrial fibrillation,
typical angina, dyspnoea, beta-blockers, nitrates, calcium
channel blockers and renin—angiotensin-aldosterone system
blockers. In the propensity-matched cohort, differences in pro-
portions were compared using McNemar's test for correlated
binary proportions, and differences in continuous variables
were examined using the Wilcoxon signed ranks test.

Logistic regression was used to evaluate the associ-
ation of facemask use with positivity of the tests, while
lineal regression was employed to examine its association
with exercise workload. We tested for interactions to as-
sess whether these associations differed by the type of test
performed.

Statistical analyses were performed using STATA®
v.13 (STATA Corp., Texas, EE. UU.) and R version 4.0.3.
A two-sided P <.05 was considered to indicate statistical
significance.

3 | RESULTS

3.1 | Baseline characteristics

In total, 854 patients were included: 398 between 1 June
and 30 September of 2020 wearing a facemask and 456

TABLE 2 Results of exercise tests according to the time period and facemask use

2019 2020

(without facemask) (with facemask) P after

n = 456 n = 398 P matching
Resting systolic blood pressure, mm Hg 131 +21 131 + 20 .89 3
Peak systolic blood pressure, mm Hg 187 + 27 181 + 29 <.001 .007
Resting heart rate, bpm 76 + 15 77 + 15 47 45
Peak heart rate, bpm 147 + 24 147 £ 23 .94 57
Resting rate pressure product, x10° mm Hg bpm 10.1 £ 2.8 10.1 £ 2.7 .65 .93
Peak rate pressure product, x10° mm Hg bpm 277+ 64 26.8 + 6.4 .04 21
Resting E/e’ septal 125+ 6.1 11.9+5.1 4 .62
Peak E/e’ septal 11.8 +4.3 12.1 +4.8 .6 .79
Exercise workload, METs 9.7+3.7 95+35 4 93
Exercise workload predicted, METs 7.8 +22 7.7 +23 31 57
Positive Exercise stress test, n (%) 93 (20.4) 92 (23.1) 34 49
Positive echo criteria 58 (22.8) 45 (22.1) .8 .83
Resting left ventricular ejection fraction, % 59.5+7 60.1 +5.4 28 A7
Peak left ventricular ejection fraction, % 643 +11.3 653 +10.4 27 48
Resting wall motion score index 1.1 +0.2 1+0.1 53 .66
Peak wall motion score index 12+0.3 12+0.2 .66 .63

Abbreviations: bpm, beats per minute; MET, metabolic equivalent; n, number.
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in the same period of 2019 without a facemask. Table 1
shows the baseline characteristics of the patients. There
was no significant difference in age, sex and cardiovas-
cular risk factors. Personal history of CAD, coronary re-
vascularization and treatment were also similar between
groups. Exercise echocardiography was the most frequent
test (62.3% in 2019% vs 60.3% in 2020; P = .5) and there
were no significant differences in the proportion of patients
derived from the emergency unit (34.2% vs 28.6% respec-
tively, P = .08). Although the main purpose for testing
was non-ischaemic chest pain, with no difference between
groups, dyspnoea nearly doubled the indication for testing
in 2020 (12.7% vs 20.6%, P < .05).

3.2 | Exercise stress testing results
The Bruce protocol was employed in most of the patients
(83.4%), and there were no complications during the tests.
Physical exhaustion was the most common indication for
termination of exercise (91.5% in 2019% vs 90.7% in 2020,
P = .7) and a similar percentage of patients presented
exercise-induced chest pain (9.2% vs 9.8% respectively,
P = .77). Table 2 shows the tests results obtained in both
groups. There were no significant differences in haemo-
dynamic data except for peak systolic blood pressure and,
consequently, in peak rate pressure product, higher in the
non-facemask group. Almost 80% of the tests were maximal,
with no significant differences in both groups (79% in 2019%
vs 77.1% in 2020, P = .52).

Over 20% of the patients had a positive exercise testing,
without differences between groups. When considering the
test performed, a similar proportion of positive exercise

WiILEY-L2"

echocardiography (31% vs 33.8, P = .5) and exercise elec-
trocardiography (2.9% vs 6.9%, P = .09) was observed. The
severity of exercise-induced wall motion abnormalities was
similar, with almost two-thirds of the positive echocardio-
grams showing extensive ischaemia (74.7% in 2019% vs
77.9% in 2020, P = .65).

Regarding functional capacity, the workload reached
was similar in both groups. A percentage of predicted
METs > 100% was observed in near 75% of the patients, al-
though it was more frequent in women (87% vs 83%, P = .29)
than in men (67.8% vs. 66.1%, P = .69).

After adjusting for propensity score, 318 patients remained
in each group. Both groups were well balanced (Table 1).
There were no significant differences in METs achieved
(Figure 1), even after stratification by exercise test modality:
10.2+4vs 10.7 + 3.6, P = .21 in exercise electrocardiography
and 9.1 + 3.4 vs 8.7 + 3.3, P = .22 in exercise echocardiogra-
phy. Figure 2 shows the proportion of positive exercise tests,
with no significant differences between wearing a facemask
or not. No association was observed between wearing face-
mask and METS achieved (P = .99) or proportion of positive
exercise tests (P = .59). Finally, in a multivariate analysis we
observed no interaction between the modality of exercise test
and the use of facemask with the METs achieved (P = .26) or
the proportion of positive exercise tests (P = .53).

4 | DISCUSSION

To our knowledge, this is the first study that evaluates the
clinical profile and the results of the patients referred to ex-
ercise testing in the new clinical scenario of COVID-19 pan-
demic once the usual activity was reassumed.

p=0,93
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FIGURE 1 Box-plot graph
representing the functional capacity of both o
groups, expressed in metabolic equivalents

(METs)

2019 (without facemask)

2020 (with facemask)
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2019 (without facemask)

60 80
1

percent
40

Positive

Negative

Negative

Despite the global impact and changes that the COVID-19
pandemic has entailed in medical care and specifically in car-
diovascular imaging units, our study shows no significant
differences in baseline characteristics of patients referred for
exercise stress testing and the results of the tests were com-
parable to the same period in 2019, except for a significant
increase in patients referred for dyspnoea in the 2020 group.
We think this finding can be explained by the fact of wearing
a facemask, mandatory in our country since the end of May.
Wearing a facemask has been associated with discomfort and
difficulty in breathing '® which could have led to an increase of
medical consultation for this reason. The discomfort has been
related to neurological reactions due to increase temperature
of the inspired air or associated psychological factors such as
claustrophobia and anxiety caused by the facemask.'® Other
fact that could have influenced was the consensus document
published by the Heart Failure Association of the European
Society of Cardiology in 2019 that includes exercise echocar-
diography as part of the diagnostic algorithm of heart failure
with preserve ejection fraction.”

The main findings of our study were, first, to confirm that
there were no differences in the proportion of positive exer-
cise testing between both groups, with a rate of positive tests
that is in concordance with the rates currently observed.?!
During the peak of the COVID-19 pandemic in early 2020,
most of non-urgent medical attention and diagnostic test were
deferred to reduce SARS-CoV-2 transmission among patients
and health care workers, following the scientific societies
recommendations.’>** In addition, a marked decline in acute
cardiovascular hospitalizations was observed®* with a worry-
ing near 50% reduction in ST-segment elevation myocardial
infarction (STEMI) admission.”’> Because of this, it would
have been reasonable to think that the reduced access to di-
agnostic tests would lead to a high burden of undiagnosed

2020 (with facemask)

FIGURE 2 Bar chart representing the
proportion of positive and negative exercise
tests in both groups

p= 0,49

Positive

cardiovascular disease and a rebound of clinical activity at
the expense of urgent testing. The period of our study started
once the rate of new COVID-19 admissions and deaths had
declined in our area and we had already resumed our usual
care activity. However, we have not observed an increase in
test requests made from the emergency department, nor a
greater positivity or severity in the results.

The other significant finding was to verify the feasibility
of performing exercise testing with facemask, with no differ-
ences in the proportion of maximal testing or in functional
capacity, considering the METs achieved. Conventional
routes of transmission of SARS-CoV-2 consist of respiratory
aerosols, droplets and direct contact®® so, wearing of face-
mask and hand hygiene have become the main measures to
mitigate the disease transmission.”” Exercise tests are con-
sidered potentially aerosol-generating procedures, because
of deep breathing and/or coughing during exercise. Due to
this potential for aerosol generation, all patients and health-
care workers should consider wearing surgical facemasks
as a minimum requirement.22 If available, to perform rapid
antigen tests for SARS-CoV-2 to each patient before the ex-
ercise test could be a good approach to reduce transmission
in addition to the other requirements. During the time of our
study, the rapid test were not available at our hospital, but all
the physicians that performed the exercise tests followed the
personal protective recommendations'® and no infection by
SARS-CoV-2 was detected in no member of our team in the
periodic serologic tests performed.

Regarding functional capacity, in a recent study, Fikenzer
et al observed a reduction in cardiopulmonary exercise capacity
in 12 healthy volunteers. Each participant performed three in-
cremental exertion cardiopulmonary exercise tests, one without
mask, one with surgical mask and one with FFP2/N95 mask,
showing a significant reduction in functional lung parameters
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as well as maximum oxygen consumption in both facemask
groups.28 However, it appears that there could be inconsisten-
cies in the reported data, suggesting that measurement errors
and not wearing facemask affected the results.”’ Another study
compared the exercise capacity with and without facemask
during a 6 minute walking test, with no differences in walked
distance but with an increased in perceived dyspnoea.30

4.1 | Limitations

Our study has several limitations that must be considered for
its interpretation. Firstly, the limitations inherent to an ob-
servational single-centre study. Although propensity score
analysis was applied, we cannot rule out the possibility that
referral bias or local changes in clinical management might
account for at least part of the results.

Secondly, maybe the period of the study is too short to
detect differences in clinical profile of the patients referred
for exercise testing, although we think that it is represen-
tative of what happened in the cardiovascular imaging
laboratories once the normal activity was reassumed. In
our hospital, the use of alternative non-invasive imaging
modalities for the detection of coronary artery disease in
patients capable of exercising is limited, so referral for
exercise echocardiography might be considered a surro-
gate for referral of these patients for non-invasive imaging
techniques.

Finally, all tests were performed using at least surgical
facemask, but we do not know the number of patients who
wore a surgical facemask or FFP2/N95 face mask. However,
no differences were observed in the functional capacity re-
garding the modality of facemask in another study28 and we
think that our population is representative of current clinical
practice.

5 | CONCLUSION

COVID-19 pandemic has not changed the clinical profile
of patients referred to exercise testing comparing with the
same period in 2019. In addition, we conclude that per-
forming an exercise testing wearing a facemask is feasi-
ble, with no differences in functional capacity and clinical
results.
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